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Structure of 2-[5-(2-Pyridyl)-1H-1,2,4-triazol-3-yllpyridinium Perchlorate
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Abstract. C,,H,,Nf.ClO;, monoclinic, space group
C2/c, Z = 8, a = 32-889(6), b = 5:311(2), ¢ =
15-712 () A, B = 104.95(2)°, D, = 162, D,, =
1.62 (1) g cm™3. The structure consists of hydrogen-
bonded ion pairs, with perchlorate to pyridinium
(N—H) hydrogen bonds [N---O = 2.795 (5) Al. There
are additional hydrogen bonds between the triazole
(N—H) group and a pyridine N atom in adjacent
cations [N---N = 3.006 (5) Al. The final R value is
0-042 (R,, = 0-041) for 1286 observed reflections.

Introduction. Following the method described by
Geldard & Lions (1965) 3,5-di(2-pyridyl)-1H-1,2,4-
triazole was synthesized for use as a ligand in di- or
polynuclear transition-metal complexes. The title com-
pound crystallized from an ethanolic solution contain-
ing equimolar amounts of the triazole derivative and
aqueous perchloric acid.

The structure determination was undertaken in order
to investigate the planarity of the molecule, the
orientation of the pyridine rings with respect to the
triazole ring and the positions of the triazole proton,
and the second protonated N atom.

The systematic absences # + k = 2n + 1 for hkl and
[ = 2n + 1 for hO[ reflections indicated that the space
group was Cc or C2/c. The choice of C2/c was justified
by the successful solution of the structure. The
intensities of 2056 independent reflections were
measured (2° < € < 24°) on an Enraf-Nonius CAD-4
automatic four-circle diffractometer |graphite-mono-
chromated Mo Ka radiation; 4(a,) = 0-70930 Al. Data
reduction was carried out in the usual way. No
absorption corrections were applied (¢ = 3-1 cm™!).
Atomic scattering factors for neutral atoms with
corrections for anomalous dispersion were taken from
International Tables for X-ray Crystallography (1974).
The structure was solved by direct methods using the
program MULTAN (Main, Hull, Lessinger, Germain,
Declercq & Woolfson, 1978). All following least-
squares refinements and Fourier syntheses were based
on the 1286 reflections with I > 20(I). The function
minimized was 2. (IF,| — sIF,1)%. All H atoms were
located in difference Fourier maps. The non-H atoms
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Table 1. Atomic fractional positional coordinates

(x 10%) and isotropic thermal parameters

The atomic labelling of the H atoms refers to those of the C and N
atoms to which they are bonded. E.s.d.’s are in parentheses.

X ¥ - BN“‘/B (A

CI(D 5724.7 (4) 3493 (2) 1298 (1) 3.44 (3)
om 5354 (1) 4876 (9) 1118 (4) 9.02 (20)
0(2) 5936 (2) 3892 (8) 604 (3) 6-94 (15)
0(3) 5645 (1) 875 (6) 1317 (3) 5.28 (12)
04) 6014 (1) 4271 (3) 2092 (3) 6-53 (14)
N(D 3009 (1) 5297 (8) 526 (3) 3.17(11)
N(2) 3404 (1) 4723 (8) 478 (3) 3.36 (1D
N(4) 3160 (1) 1794 (8) 1269 (2) 2-91 (10)
N(4) 4147 (1) 2186 (8) 615(3) 3-37(12)
N(B) 2202 (1) 5544 (8) 813 (3) 3-02(11)
C(3) 3477 (1) 2609 (9) 935 (3) 2-87(12)
C(5) 2867 (1) 3551 (9) 993 (3) 2-77(11)
Cc(24A) 3878 (1) 1259 (9) 1064 (3) 2-84 (12)
C(34) 4002 (2) —719 (9) 1606 (3) 3.35(14)
C@4) 4396 (2) —1739 (9) 1699 (3) 3-98 (15)
C(54) 4662 (2) —775 (1D 1238 (4) 4-22 (16)
C(64) 4531 (2) 1240 (9) 688 (2) 3.84 (15)
C(2B) 2451 (1) 3614 (8) 1168 (3) 2-68 (11)
c(3B) 2333 (2) 1754 (9) 1675 (3) 3.22(13)
C(4B) 1941 (2) 1888 (9 1827 (3) 350 (14
C(5B) 1681 (2) 3861 (9) 1485 (3) 3.46 (14)
C(6B) 1821 (2) 5615 (9) 988 (3) 347 (14
H(D 2879 (12) 6645 (83) 211 (27 3.0
H(4) 4076 (13) 3384 (85) 283 (27) 3.0
H34) 3818 (12) —1283 (81) 1290 (25) 3.0
H(44) 4493 (12) —3035 (83) 2126 (26) 3.0
H(54) 4913 (12) —1286 (83) 1273 (26)  3-0
H(64) 4717 (12) 1987 (771 328 (25) 3.0
H(3B) 2514 (12) 525 (83) 1903 (25) 3.0
H(4B) 1842 (12) 613 (81) 2165 (26) 3.0
H(5B) 1406 (12) 3963 (79 1603 (25) 3.0
H(6B) 1669 (12) 6996 (83) 737(25) 3.0

* — 8y2 U
B, =3n’trace U.

were given anisotropic temperature factors. The posi-
tions of all H atoms were refined while their isotropic
temperature factors were fixed at B = 3-0 A% The
conventional final residuals are R = 0.042 and R, =
0-041 for the 1286 reflections used in the refinement
and R = 0-078, R,, = 0-066 for all data. The atomic
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2-(5-(2-PYRIDYL)-1H-1,2,4-TRIAZOL-3-YL|PYRIDINIUM PERCHLORATE

positional and thermal parameters are listed in Table
1.*

Discussion. The unit cell of the title compound contains
eight symmetry-related C,,H,,N%.ClOj ion pairs. The
CIO; ion is hydrogen-bonded to a pyridinium N—H
group of the protonated species C,,H,,N§ IN-O =
2-795(5) A; N—H-..O = 163 (4)°]. The ion pair is
shown in Fig. 1. Adjacent cations are weakly hydrogen
bonded via a pyridine N and the triazole (N—H), with
N(B)—N(1) = 3-006 (5) A and N(1)—H(l)---N(B) =
153.9 (4)° (see Table 2).

The intramolecular bond lengths and angles listed in
Table 2 are close to values reported earlier for triazole
and pyridine structures (Goldstein, Ladell & Abowitz,
1969; Deuschl, 1965; Minshall & Sheldrick, 1978).

The C,,H (Nt ion is nearly planar. The angle
between the least-squares plane through the atoms in
the triazole ring and that through the unprotonated
pyridine ring is 1-2 (1)° whereas the angle between the
triazole ring and the pyridinium ring is 7-7 (1)°.

* Lists of structure factors and anisotropic thermal parameters
have been deposited with the British Library Lending Division as
Supplementary Publication No. SUP 36970 (6 pp.). Copies may be
obtained through The Executive Secretary, International Union of
Crystallography. 5 Abbey Square. Chester CHI 2HU. England.

Table 2. Bond lengths (A) and angles (°)

Es.d.’s are in parentheses. Superscripts indicate atoms whose
coordinates are reiated to those in Table | by the following
transformations: (i) 1 —x, 1 —y, —z; (i) 4 —x, § — p, —z.

Cly- Ofh 1:390 (4) NiA) CQ2A) 1-350 (%)

Cl(H=0(2) 1-452 (4) N(A4)-C(64) 1337 (6)

Clth -0 1-417 (4) N(4)»-HOD 0.82 (4)

Cl(h -O(4) 1-421 (4) C(24)-C(24} 1:362 (6)

N(I)-N(2) 1-354 () C3da) Cad) 1:379 (6)

N(h Gy 1-339 () C(34) HxA) 0-92 (4)

N HD 0-91 (4) Ca4) C(5A) 1-370 (T

N(2)y C( 1-321 (6} Cta4) HEAA 0.95 (4)

N(4)-C() 1.383 (5) C(sA4y CteA) 1:374 (1)

N(4) -C(5) 1:332(5) C(SA)-H(51) 0-86 (4)

C(3)y C2a) 1-460 (6} Ci6A) Hi6A) 1-01 (4

C(5)-C2m 1-463 (6)

N(B)-C(2B) 1-340 (5) O(2)- N(A"Y 2-795(5)

N(B)-C(6B) 1-352(6) O(2)=H(4" 2:00(4)

C(2B) -C(3B) 1-386 (6) N(B)-N(1") 3-006 (5)

C(3B)-C(4B) 1-374 (6) N(R)-H(1") 2-16 (4)

CQ2AB) HGBR) 0-89 (4)

CaB)-C(5m 1-371 (6)

C(4B) H4B) 0-97 (4)

C(5B)-C(6R) 1:369 (M

C(SB)-H(SB) 0-97 (4)

C(6B) H6B) 0-92 (4)

N(2) -N()) C(5) 110-6 (4) Cl44)-C(54)-C(64) 1190 (5)

N(1} N2y C(3) 101-7 (4) N(4) -Cloa) C(54) 1189 (5

C(3) N (5 102.5 (4) C(2B)--N(B) C(6B) 115-8(4)

N(4) C(3)-Ci24) 123.5(4) Ct5) C02B)-C13R) 120-3 (4)

N -C(3) C24) 120-9 (4) C(5)=-C(2B) N(B) 116-1(4)

N(2) C(3)-N(4) 115:6 (4) N(B)--C(2B) C(3IB) 123.6 (4)

N1} -C(5) N4 109-6 (4) C(2B)-C(3B) Cl4B) [18-5(4)

N(H) C(5-C2R) 124.2(4) C(3B)-C4By C(5B) 119:3(5)

N(4) -C(5) -C28) 126-1 (4) CaB-C(5By- C(6B) 118-5(4)

C(24)-N(4) C(64) 123.7(4) N{B)-C(6B) C(58) 1243 (5)

C(3H-C(24)-N) L16-8(4) o ClN=-01(2) 109-7 (3)

C3)y C24) €34 125-1{4) OH-ClD O3 1114 (3

N(4)--C(24) C(24) HIR-1(4) Oth-Clehy Ot4) 112:2(3)

C24) C3H-Cay 119-8 () Oy CleH--0(H 1066 (3)

C(34) Ca4)-C(54) 120-5(5) Oy Cltny Ot4) 108-9 (3
Ot3) Clih- o4 110-6 (3)
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Fig. 1. The structure of C,,HN%.ClO,, showing the thermal
vibration ellipsoids (probability 30%) of the atoms, and the
atomic labelling. Hydrogen bonding between O(2) and H(A) is
indicated by an open bond.
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Fig. 2. The unit-cell packing of C,,H,,N%{.CIO,.

The packing of the eight C,,H,,N%.CIOy ion pairs in
the unit cell is shown in Fig. 2. The structure is
obviously stabilized by van der Waals contacts between
the C,,H,,N% ions in the b and ¢ directions. There are
eight contact distances in the range of 3-33 (C—N) and
3.39A (C-C) to 3.54 (C—N) and 3-48 A (C-C)
between non-H ring atoms in adjacent cations.

Although the neutral ligand 3,5-di-(2-pyridyl)-1H-
1,2,4-triazole may use four coordination sites [N(B),
N(4), N(2) and N(A4), see Fig. 1|, preliminary ex-
periments have shown that transition-metal complexes
with the deprotonated ligand are isolated more easily.
Coordination then takes place via the N atoms N(B),
N(1), N(2) and N(A) forming dinuclear structures. The
X-ray structure of a Cu'' compound of this ligand is
under investigation (Prins, Birker, Verschoor,
Haasnoot & Reedijk, 1982).

Stimulating discussions with Dr J. G. Haasnoot and
Professor J. Reedijk are gratefully acknowledged.
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